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[57] ABSTRACT 
A multi-component hip joint prosthesis is provided 
comprising an acetabular cup and a plastic bearing liner, 
each of which de?nes a segmented open shell with an 
inferior segment thereof removed to provide enhanced 
?exibility. The enhanced ?exibility substantially facili 
tates the assembly and disassembly of the components. 
The liner and the cup are retained in their assembled 
condition by interengagement between a plurality of 
ridges and at least one groove on the respective compo 
nents. The plurality of independent ridges enhances the 
?exibility of the ridges, thereby further mimirnizing the 
assembly forces required. Interengageable keys and 
keyways on the respective components may be pro 
vided to prevent relative rotation therebetween. The 
cup may comprise a removable tab to facilitate the 
insertion of a tool between the cup and the liner for 
prying the liner from the cup if necessary. 

17 Claims, 12 Drawing Sheets 
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MULTI-COMPONENT PROSTHESIS WITH 
INCREASED WALL FLEXIBILITY AND 

SEGMENTED LOCKING RIDGE TO FACILITATE 
COMPONENT ASSEMBLY 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of US pa 
tent application Ser. No. 492,133, ?led May 6, 1983, 
now abandoned entitled “MULTI-COMPONENT 
PROSTHESIS WITH INCREASED WALL FLEXI 
BILITY FACILITATING COMPONENT ASSEM 
BL ”, Michael J. Pappas and Frederick P. Beuchel, 
inventors. 

BACKGROUND OF THE INVENTION 

This invention relates generally to a new and im 
proved joint prosthesis, and more particularly relates to 
an improved multi-component joint prosthesis, such as 
for example a multi-component hip joint prosthesis, 
wherein at least one of the components may be an open 
shell. 
The conventional prior art total hip prosthesis typi 

cally includes a metal femoral head ?xtured to the 
femur and a plastic, generally ultra-high molecular 
weight (UHMWPe), cup ?xtured‘ by cement to the 
acetabulum such as the type disclosed in US. Pat. No. 
4,123,806 issued Nov. 7, 1978 to Amstutz et al. The 
prior art also discloses the use of hip prostheses includ 
ing metal backed acetabular components in which the 
acetabular component consists of a metal cup with a 
plastic bearing insert; examples of such prostheses are 
given in US. Pat. No. 3,840,904 issued Oct. 15, 1979 to 
Tronzo and US Pat. No. 3,903,549 issued Sep. 9, 1975 
to Deyerle. Metal backed acetabular hip prosthesis 
components have several advantages. The metal or 
rigid outer acetabular cup produces a much more uni 
form stress distribution at the interface between the cup 
and the acetabulum with lower peak forces or stress 
thereby improving the possibility of long term ?xation. 
Rigidity of the metal outer acetabular cup also reduces 
distortion of the plastic liner improving its sphericity 
and therefore contact with the metal femoral head of 
the hip prosthesis, thereby improving conditions for 
wear resistance. Further, the use of a separate bearing 
insert allows replacement of the insert if the insert is 
damaged intraoperatively, or if the insert becomes ex 
cessively worn as a result of long term use, or if as a 
result of some problem revision is necessary which 
involves a change in the insert bearing. For example, in 
the event of revision from a surface replacement type 
hip prosthesis, which has a fairly large diameter head, to 
a stern type femoral prosthesis, which includes usually a 
smaller diameter head, one may simply remove the 
bearing liner leaving the metal acetabular cup affixed to 
bone, and replace the liner with another liner or insert 
of appropriate size for the revised unit. Such revision 
can, therefore, be made without disturbing the acetabu 
lar ?xation thereby preventing damage to the acetabu 
lar bone. 
There is, however, a potential disadvantage associ 

ated with the use of a rigid or metal acetabular cup. In 
the event that a load is applied near the rim of the aceta 
bular cup, the elastic properties of the underlying bone 
combined with the rigidity of the cup can produce a 
situation in which the opposite rim tends to be lifted off 
of its bony bed. This tends to produce tensile loads on 
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2 
the cup and such tensile loads are undesirable in main 
taining long term ?xation. 

In the prosthesis disclosed in the Tronzo patent, an 
interlock 26 and interlocking groove 28 as described in 
FIGS. 2-8 of Tronzo are used to prevent rotation of the 
liner relative to the cup. This connection, however, is 
not resistant to a tensile withdrawal of the cup from the 
liner. Such withdrawal can occur as a result of traction 
forces due to a layer of liquid interposed between the 
femoral component and the plastic liner coupled with 
distraction of the femur from the acetabulum during 
normal activity. Such a situation can produce with 
drawal of the plastic bearing from the acetabular cup 
producing dislocation of the prosthetic component. 
The prosthesis described in the Deyerle patent uses 

an arcuate ridge 32 which engages an arcuate slot 44 as 
shown in FIGS. 1, 5 and 6 of Deyerle to restrict relative 
rotation. The Deyerle device uses screws by making use 
of an annular liner (not identi?ed by number) in con 
junction with a retaining screw 30 to trap the liner in the 
cup. This design, however, experiences dif?culty in 
liner removal because removal of the liner requires 
removal of the screws from the bone which may pro 
duce damage to the bone. Further, the use of such a 
connection resistance against tensile loading requires 
the use of screws and many surgeons would prefer in 
some applications not to use screws for ?xation. 

Both the Tronzo and Deyerle prostheses use screws. 
Neither, however, provides the ability of the screws to 
change their angular orientation signi?cantly to facili 
tate ?xation. Further, neither provides screws near the 
inferior rim to minimize the possible lifting of the infe 
rior rim as a result of loads applied near the superior 
rim. Such loads are normal in walking and may exceed 
eight times body weight in stair climbing and descent. 
Since the angular orientation of the screw is not adjust 
able in Tronzo and Deyerle devices, these screw con?g 
urations cannot take maximum advantage of possible 
superior bone stock for screw implantation. Further, 
Deyerle and Tronzo prostheses both make use of either 
screws or spikes for ?xation. However, when such ace 
tabular components are used with cement, such spikes 
or screws may not be necessary for ?xation and their 
use makes the operative procedure more dif?cult and 
introduces additional damage to the bone. 
US. Pat. No. 3,608,096 to Link discloses a prosthesis 

which uses a relieved face on the acetabular shell where 
a segment of the shell is removed by means of an 
oblique cut (not identi?ed by number) as described in 
Column 2, lines 69-72 and Column 3, lines l-3 to pro 
vide a better approximation to the shape of the natural 
acetabulum so as to increase clearance reducing possi 
ble impingement with the femur during certain kinds of 
activity as described in Column 3, lines 26-29. Further, 
the outside section 3 as shown in FIG. 1 of the Link 
patent is eccentric to the cavity 2 although the nature 
and reason for this eccentricity are not described by 
Link. Although this oblique and simple relief provides 
improvement in ?t and clearance, still better ?t and 
clearance can be provided by a somewhat more com 
plex relief of the inferior face of the acetabular compo 
nent. 

In view of the above, it is an object of the subject 
invention to provide a multi-component prosthesis that 
facilitates assembly and disassembly of the components. 
A further object of the subject invention is to provide 

a multi-component prosthesis that enables the compo 
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nents to be securely retained in their assembled condi 
tion and also achieves easy assembly and disassembly 
for all dimensional ranges of the components dictated 
by manufacturing tolerances and environmental condi 
tions. 
Another object of the subject invention is to provide 

multi-component prostheses that provide a smaller 
range of insertion forces for any given range of manu 
facturing and other size variations. 

SUMMARY OF THE INVENTION 

The subject invention is directed to a multi-compo 
nent prosthesis that is easy to assembly and/ or disassem 
ble and that is substantially insensitive to dimensional 
variations in one or more components. 
The prosthesis may comprise a ?rst component hav 

ing a plurality of independently de?ectable resilient 
ridges which are selectively engageable with a second 
component of the prosthesis. The ability of the ?exible 
ridges to de?ect independently substantially reduces 
assembly forces as compared to prostheses with a single 
integral ridge extending over a comparable distance. 
Assembly of the components of a multi-component 

prosthesis also may be facilitated by constructing at 
least one of the components as a non-symmetrical seg 
mented open shell, whereby the segmenting of the shell 
increases the ?exibility of the shell wall, which ?exibil 
ity in turn facilitates component assembly. Such ?exibil 
ity also enhances the engagement of retaining means for 
retaining components together upon assembly. Thus, 
the above described segmented resilient ridges and the 
non-symmetrical segmented open shell construction 
both rely on increased ?exibility to achieve the previ 
ously stated objective. 
Screws utilized to secure a prosthesis component to a 

bone may be recessed within the seat of a screw hole 
formed in the component for receiving the screw. A 
preferred area contact is achieved between the under 
side of the screw head and the seat of the screw hole by 
making both the underside of the screw head and the 
screw hole seat spherical. Additionally, a second com 
ponent engaging the ?rst component may be provided 
with a recess overlying the screw hole. Thus, in the 
event the screw head extends upwardly out of the 
screw seat the recess accommodates the screw head. 
As used in the context of the present invention, and as 

used in the speci?cation and appended claims, the term 
“open shell” de?nes a shell segment produced by cut 
ting a closed shell (i.e. a shell without openings) with a 
single cutting plane or planar cutting surface cutting 

' through both the exterior and interior surfaces of the 
shell. The term “segmented open shell” de?nes a shell 
segment produced either by cutting an open shell by 
additional cutting surfaces, or by cutting a closed shell 
by: a non-planar cutting surface, (e.g. a cylindrical cut 
ting surface); more than one cutting plane; or more than 
one planar cutting surface. The generation of slots is not 
considered segmentation in the context of the present 
invention, since the generation of a slot is the equivalent 
of splitting the shell rather than removal of a shell seg 
ment. Although slotting normally involves removal of a 
thin segment, such removal is incidental to function. 
The prosthesis comprises a cup which is engageable 

with the bone and a bearing liner which is snapped into 
engagement with the cup. The inner surface of the 
bearing liner de?nes a generally spherical articulation 
surface which engages the head corresponding pros 
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4 
thetic component. The cup and the bearing liner are 
both segmented open shells as de?ned above. 
The snapped engagement between the cup and the 

bearing liner may be de?ned by a groove on the inner 
surface of the cup and a plurality of separately de?ect~ 
able ridges on the bearing liner. The provision of sepa 
rately de?ectable ridges substantially facilitates the 
intraoperative assembly of the prosthetic device, but 
still provides a secure engagement of the bearing liner in 
the cup. The dimensions of the components may be 
selected such that the ridges are in a de?ected condition 
when the components are assembled to achieve a desir 
ably secure interengagement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatical illustration of a surface 
replacement hip joint prosthesis embodying the present 
invention and shown diagrammatically as being ?xtured 
by bone ingrowth to the hip bone and femur. 
FIG. 2 is a front elevational view of a metal acetabu 

lar cup of the present invention, FIG. 2A is a cross-sec 
tional view taken in FIG. 2 along the line 2A—2A and 
in the direction of the arrows, FIG. 2B is a cross-sec 
tional view taken along the line 2B--2B in FIG. 2A and 
in the direction of the arrows, and FIG. 2C is a partial 
cross-sectional view illustrating the manner of assembly 
of the acetabular cup and bearing liner retaining means 
of the present invention. 
FIG. 3 is a front elevational view of a bearing liner 

embodying the present invention; FIG. 3A is a cross 
sectional view taken generally along the line 3A—3A in 
FIG. 3 and in the direction of the arrows, and FIG. 3B 
is a cross-sectional view of an alternate bearing liner 
embodiment of the present invention, similar to FIG. 
3A but taken in a direction opposite to the arrows 
3A-3A in FIG. 3. 
FIG. 4 is a side elevational view of a screw of the 

present invention and FIG. 4A is a left end view of the 
screw of FIG. 4. 
FIG. 5 is an assembly view of the acetabular cup of 

the present invention and a bearing liner of the present 
invention, the bearing liner being an alternate embodi 
ment of the liner of FIG. 3, and such illustration show 
ing the assembly as it would look in cross section were 
such cross-sectional assembly view to be taken along 
lines such as 2A—2A in FIG. 2 and 3A--3A in FIG. 3. 
FIG. 6 is a diagrammatical illustration illustrating the 

assembly of the femoral cap to the resected head of a 
natural femur. 
FIGS. 7A-7D are diagrammatical illustrations of a 

teaching of the present invention as to increase in ?exi 
bility of the wall of a shell to facilitate assembly of 
prosthesis components. 
FIGS. 8-10 are cross-sectional views of a further 

alternate embodiment of an acetabular cup and plastic 
bearing liner of the present invention. 

FIG. 11-13 are diagrammatical illustrations showing 
the advantages of the further alternate embodiment and 
illustrating the features causing this embodiment to be 
the preferred embodiment. 
FIGS. 14A and 14B are, respectively, partial cross 

sectional views of the superior aspect of the acetabular 
cup and plastic bearing liner of the alternate embodi 
ment of FIGS. 8-10. 
FIG. 15B is a front elevational view of the acetabular 

Cup of the further alternate embodiment. 
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FIG. 15A is a cross-sectional view taken generally 
along the line 15——15 in FIG. 15B in the direction of the 
arrows. 

FIG. 16B is a partial front elevational view of the 
superior aspect of the plastic bearing liner of the further 
alternate embodiment of the present invention. 
FIG. 16A is a cross-sectional view taken generally 

along the line 16-16 in FIG. 16B in the direction of the 
arrows. 
FIGS. 17—20 are sequential views showing respective 

stages in the assembly of the further alternate embodi 
ment acetabular cup and plastic bearing liner. 
FIG. 21 is a front elevational view showing the inte 

rior of still a further embodiment of an acetabular cup in 
accordance with the subject matter. 
FIG. 22 is a cross-sectional view taken along line 

22——22 in FIG. 21. 
FIG. 23 is a crossasectional view taken along line 

23-23 in FIG. 22. 
FIG. 24 is a cross-sectional view showing the periph 

eral ridge and groove of the acetabular cup illustrated in 
FIGS. 21-23. 

FIG. 25 is a rear elevational view showing the exte 
rior of a plastic bearing liner for use with the acetabular 
cup shown in FIGS. 21-25. 
FIG. 26 is a side elevational view of the liner shown 

in FIG. 25. 
FIG. 27 is a cross-sectional view taken along line 

27-27 in FIG. 25. 
FIG. 28 is a cross-sectional view similar to FIG. 27 

but showing a liner of greater radial thickness. 
FIG. 29 is a cross-sectional view showing the ridge of 

the liner shown in FIGS. 25-28. 
FIG. 30 is a cross-sectional view showing the ridge of 

the liner of FIGS. 25-29 engaged in the groove of the 
cup shown in FIGS. 21-24. 
FIG. 31 is a cross-sectional view combining the ace 

tabular cup as shown in FIG. 22 and the plastic bearing 
liner as shown in FIG. 27. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to FIG. 1, there is shown a diagram 
matical illustration of a natural innominate or hip bone 
10 including the ilium 11, the ischium 12 and the pubis 
13 and a natural femur 16 having a neck 17. Also shown 
diagrammatically is a hip joint prosthesis embodying 
the present invention and indicated by general numeri 
cal designation 18. The hip joint prosthesis 18 as shown 
is of the type commonly referred to in the art as a sur 
face replacement hip joint prosthesis. However, it will 
be understood that the present invention is not limited 
to the surface replacement type prosthesis, but has wide 
application to other types of prostheses, such as other 
types of hip and shoulder prostheses. The prosthesis 18 
is shown diagrammatically as being implanted in or 
?xtured to the hip or pelvic bone 10, or more particu 
larly to the portion of the hip bone providing the ace 
tabulum, or acetabular socket and to the femur 16. The 
hip joint prosthesis 18 includes a metal acetabular cup 
20, a plastic bearing liner or plastic acetabular cup 30 
and a metal femoral component or cap 40 of the surface 
replacement type. However, other femoral prostheses 
may be employed, such as those commonly referred to 
as the femoral stem type prostheses. 

In the embodiment shown, the metal acetabular cup 
20 is provided with a porous outer surface or coating 21 
into which the hip bone 10 may grow for permanent 
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6 
?xation. The cup 20 is temporarily ?xtured to the hip 
bone 10 by the use of metal screws 51, 52 (not shown) 
and 53. The screws 51-53 are used primarily to establish 
temporary ?xation of the acetabular cup 20 to the hip 
bone 10 during the time required for biological bone or 
bony ingrowth to occur into the porous coating 21 to 
provide permanent ?xation or to provide augmentation 
to ?xation by use of bone cement. In the preferred em 
bodiment, the metal acetabular cup 20 is temporarily 
fixtured to the hip bone by the three metal screws, with 
metal screw 51 being screwed into the ilium 11, metal 
screw 52 (not shown) being screwed into the ischium 
12, and metal screw 53 being screwed into the pubis 13. 
The plastic bearing liner 30 is snapped into the metal 

acetabular cup 20, in a manner described in detail be 
low, and its inner surface provides the acetabular articu 
lation surface. 
The metal femoral cap 40 is provided with a highly 

polished exterior surface 42 providing the femoral artic 
ulation surface. The metal femoral cap 40 also com 
prises a generally hollow interior having an interior 
porous surface, indicated by general numerical designa 
tion 44, into which femur bone may grow to perma 
nently ?xture the femoral cap 40 to the resected head 19 
of the femur 16 as shown in FIG. 6. Alternatively, the 
porous surface 44 may be used to improve cement ?xa 
tion. The femoral cap 40 further comprises a relatively 
smooth or polished metal stem 46 which is used primar 
ily for alignment purposes and to provide some resis 
tance against fracture of the femoral neck. However, 
the relatively smooth surface of the metal stem 46 is not 
a ?xation surface. Temporary ?xation, during the time 
required for permanent bone ingrowth ?xation to oc 
cur, is provided by a press ?t between the interior sur 
face 44 and the resected femur head 19 and a press ?t 
between the stem 46 and a hole 47 (FIG. 6) drilled 
centrally in the resected femur head 19 and femur neck 
18. The femoral cap 40 shown in FIG. 1 is the subject of 
co-pending application Ser. No. 830,208 by the same 
inventors as the present invention. 

Referring now to FIGS. 2, 2A, and 2B, it will be 
noted that the acetabular cup 20 is a substantially hemi 
spherical cup having a relatively thin wall 22 de?ned by 
concentric outer and inner surfaces 23 and 24, respec 
tively, having a common center 25 (FIG. 2A) from 
which spherical radii 26 and 27 are struck. The acetabu 
lar cup 20 is symmetrical about the plane through which 
section 2A-—2A is taken, but is asymmetrical with re 
spect to other planes. In particular, the acetabular cup 
20, at its inferior portion indicated by general numerical 
designation 28, is relieved as may be best seen in FIG. 
2A. 
One embodiment of the acetabular cup 20 is shown in 

FIGS. 2-2B. Cup 20 is a multiple segmented shell of 
revolution, i.e. a segmented open shell, having a gener 
ating axis F--F and being of uniform wall thickness and 
having concentric inner and outersurfaces. The face 60 
of the cup 20 is a surface produced by the intersection of _ 
a ?rst cutting plane A-A perpendicular to a plane of 
symmetry of the cup 20, with such plane of symmetry 
lying in the plane ofthe drawing. The ?rst cutting plane 
or planar cutting surface A——A partially de?ning the 
face 60 of the cup is closer to a parallel plane B-B 
through the center of the sphere de?ning the outer and 
inner surfaces 23 and 24, respectively, of the cup. The 
cup 20 is segmented by an inferior surface de?ned by 
the intersection of a second cutting plane or planar 
cutting surface C—C perpendicular to the plane of 
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symmetry and to the ?rst cutting plane A-A de?ning 
the face 60 of the cup. The cup 20 has a transition sur 
face 29 (FIG. 2) de?ned by an intersection of the shell 
of revolution with a segment D-—D of a cylindrical 
cutting surface perpendicular to the plane of symmetry 
and tangent to the ?rst and second cutting surfaces or 
planes A—-A and C-C de?ning the face and inferior 
surfaces,-respectively. Segmentation of the acetabular 
cup 20 by cutting planes or surfaces A-A, C-C and 
D-D causes the cup to be a “segmented open shell" as 
de?ned above. 
A ridge 70 (lower portion of FIG. 2A) protrudes 

from the interior aspect of the cup adjacent to the inner 
surface 24. An annular groove 64 cut into the inner 
surface 24 and lies in a plane parallel to and adjacent the 
?rst cutting plane A-A. The cup 20 may be provided 
at its superior portion, FIG. 2, with a radially inwardly 
directed key 65 extending inwardly a distance from the 
face 60 of the cup 20. Additionally, the cup 2 may be 
provided with a pair of generally opposed slots 61-—61 
extending inwardly from the face 60 at the lateral or 
side portions of the cup 20 as shown in FIG. 2. Further, 
the cup 20 may be provided with three apertures or 
screw holes 66, 67 and 68 each for receiving a metal 
screw, such as for example the metal screw 190 of FIG. 
4. The apertures may be provided with a recessed 
spherical seat 69 for accommodating any misalignment 
with the spherical underside 92 of the screw head 94 of 
FIG. 4 with the screw head remaining entirely within 
the recess. Further, to permit the screw inserted 
through one of the apertures 66-68 to engage the best 
available bone accessible through the aperture, the 
spherical seats 69 may be made oblong as shown more 
clearly with regard to apertures 67 and 68 in FIG. 2. 

Referring now to FIGS. 3, 3A and 3B, it will be noted 
that the plastic bearing liner 30 is a substantially hemi 
spherical cup de?ned by eccentric inner surface 32 and 
outer surface 34 and is symmetrical about plane 
3A-3A, but asymmetrical in other respects. It will be 
noted in FIG. 3A that the inner and outer spherical 
surfaces 32 and 34 have mutually displaced respective 
spherical centers 36 and 38 with the spherical radius 80 
of the inner surface 32 being struck from the spherical 
center 36 and with the spherical radius 82 of the outer 
spherical surface 34 being struck from the spherical 
center 38. The plastic bearing liner 30 is further pro 
vided with a face indicated by general numerical desig 
nation 85, complementary in shape to the face 60 of the 
acetabular cup 20. The plastic bearing liner 30 used with 
the acetabular cup 20 of FIGS. 2-2A is provided with a 
?at region 86, a curved or cylindrical region 88 and a 
flat region 87 causing the plastic bearing liner 30 to be 
relieved at its inferior portion indicated by general nu 
merical designation 89, in the same manner as the metal 
acetabular cup 20 of FIG. 2A, i.e. by being segmented 
by cutting planes such as A—A, C-C and D-D of 
FIG. 2A. The segmentation including the inferior relief 
causes the plastic bearing liner 30 to be a “segmented 
open shell” as de?ned above. 
The outer surface 34 of the plastic bearing liner 30, as 

may be best seen in FIG. 3A, is provided with an inter 
rupted annular ridge 90. More particularly, the annular 
ridge is interrupted by the relieved inferior portion 89 
or by the circular or cylindrical portion 88 of the face 
85. The eccentric inner and outer surfaces 32 and 34, 
respectively, provide the plastic bearing liner 30 with a 
wall 92, as may be best seen in FIG. 3A, which wall is 
thicker at its superior portion 93 and which is thinner at 
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its lateral portions 94—94 (FIG. 3) adjacent the inferior 
portion 89 of the plastic bearing liner 30. This is done to 
provide a greater thickness of bearing, thereby allowing 
greater wear in the superior aspect where most wear 
occurs. This also produces a somewhat thinner sidewall 
laterally, anteriorly and posteriorly, thereby increasing 
?exibility of the wall 92 in the region where the wall 
must be compressed to assemble the plastic bearing liner 
30 into the acetabular cup 20. Further, as may be best 
seen in FIG. 3, the plastic bearing liner 30 may be pro 
vided at its superior portion 93 with a radially inwardly 
extending keyway 97 for receiving the key 65 of the 
acetabular cup 20, as shown in FIG. 2. 
The outer surface 34 of the plastic bearing liner 30 

may be provided with a plurality of mutually displaced 
recesses 101, 102 and 103 for overlying the apertures 66, 
67 and 68 of the cup 20, shown in FIG. 2, and their 
spherical, and oblong spherical, seats 69 which help 
prevent contact between the plastic bearing liner 30 and 
the screw head where the screw is not properly seated. 
The interrupted annular ridge 90 is complementary to 
and closely matches the interrupted annular ridge 64 of 
the acetabular cup 20. Similarly, the outer surface 34 of 
the plastic bearing liner 30 closely matches the spherical 
inner surface 24 of the acetabular cup 20. The spherical 
inner surface 32 of the plastic bearing liner 30 provides 
the acetabular articulation surface. 
The inferior ?at surface 87 of plastic bearing liner 30 

engages the ridge 70 on the acetabular cup 20 restrain 
ing, in conjunction with key 65 and keyway 97, axial 
rotation of plastic bearing liner 30 with respect to aceta 
bular cup 20 about generating axis F——F as shown in 
FIG. 5. 
A cross section of the partially assembled insert and 

acetabular cup in the region of the interconnecting 
ridge and groove is shown in FIG. 2C. The ridge and 
groove faces 125 and 126, respectively, are substantially 
parallel to the faces 85 and 60 of the insert and cup, 
respectively. The medial aspect of the ridge is at an 
angle relative to the face. Upon assembly, using inward 
forces with substantial force components parallel to the 
generating axis (F—F of FIG. 2A), the medial aspect of 
the ridge 90 engages an edge 123 of the interior surface 
24 of the acetabular cup. Such engagement produces 
forces with substantial lateral components generally 
perpendicular to the generating axis, such components 
tending to compress the plastic bearing liner 30 or ex 
pand the acetabular cup 20. The side walls of the plastic 
bearing liner 30 or cup 20 are relatively laterally ?exible 
due to the above described segmentation. Therefore, 
suf?cient deformation of the plastic bearing liner 30 and 
cup 20 is easily produced. This deformation allows the 
ridge 90 to pass the inside region 124 of the cup 20 
adjacent the groove 64, and allows the ridge 90 to en 
gage the groove 64, thereby relieving the compressive 
and expanding forces and allowing the components to 
assume the undeformed states. 
Removal of the plastic bearing liner 30 from the ace 

tabular cup 20 by use of outward forces with substantial 
force components parallel to the generating axis (F—F 
of FIG. 2A) is extremely difficult since the engaging 

. faces 125 and 126 on the liner and cup respectively are 
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perpendicular to the generating axes and thus fail to 
produce any signi?cant lateral forces compressing the 
plastic bearing liner 30 or expanding the acetabular cup 
20. Rather the forces will be essentially parallel to the 
generating axis. Therefore, due to the curved shape of 
the components, these forces will tend to expand the 
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plastic bearing liner 30 and compress the cup 20 thereby 
locking the components together. Disassembly can be 
carried out only by use of instruments designed to be 
inserted into the slots 61-61 (FIG. 2) to apply lateral 
forces compressing the plastic bearing liner 30 or ex 
panding the cup 20. Due to the nature of the segmenta 
tion of these segmented open shell components de 
scribed, relatively low lateral forces are needed to disas 
semble the components. Such lateral forces cannot be 
produced in these components in an implanted prosthe 
sis. Even if such forces could be produced, they would 
be resisted by the head of the femoral component 4-0 
which prevents contraction of the plastic bearing liner 
30 and by the acetabulum. Thus the plastic bearing liner 
30 cannot be removed while it is in engagement with the 
femoral component 40, and dislocation resulting from 
distraction forces as the result of ?uid between the 
femoral component and the liner cannot occur. For the 
case of a metal acetabular component 20, which is very 
stiff compared to plastic, and a plastic bearing liner 30, 
dislocation of the hip is necessary to remove the plastic 
bearing liner 30. 
The increased ?exibility of the segmented open shells 

described above can be understood by examining FIGS. 
7A-D. FIGS. 7A and B illustrate a “segmented open 
shell” in accordance with the present invention, while 
‘FIGS. 7C and D illustrate “open shells” of the prior art 
type disclosed in US. Pat. No. 4,123,806 to Amstutz et 
al. noted above. It is seen from FIGS. 7A-B that re 
moval of the inferior shell segment removes a major 
lateral load supporting segment. In shells where the 
wall thickness t is substantially smaller than the half the 
radius r of the shell, such segmentation eliminates most 
of the circumferential compressive stiffness of the wall, 
thus making bending stiffness dominate. Since for such 
shells bending stiffness is much less than circumferential 
stiffness, ?exibility of the wall of the “segmented open 
shell” is greatly increased. Increased ?exibility results in 
a smaller variation in inserting forces for any given 
range of manufacturing and other size variations while 
still achieving a tight ?t of components within the toler 
ance range. 
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With regard to the screw 190, which may be utilized ' 
in the present invention, and referring to FIG. 1, it will 
be noted that in addition to the above-described screw 
structure the end of the screw 196 may be provided 
with radially disposed slots, as shown in FIG. 4A, 
which slots provide self-cutting action so that a cap 
need not be used in conjunction with the screw. Prefer 
ably, the screw is made of a metal alloy the same or 
similar to that of the metal acetabular cup 20 and it has 
been found to be preferably to provide several sized 
screws for different ?xation conditions. The threads 198 
are preferably large since they are for the purpose of 
screwing and holding into cancellous bone. Further, it 
has been found that the screw for ?xation into the is 
chium 12, FIG. 1, is somewhat shorter than the screws 
used for ?xation in the ilium 11 and pubis 13. Of course, 
the spherical underside 192 of the screw head 194 
matches the spherical seats 69 of the apertures 66, 67 
and 68 of FIG. 2. 

It may be seen from FIG. 5 that the'screw 190 can be 
moved through an angle B about center 111 with the 
spherical underside 192 of screw 190 remaining in full 
contact with spherical seat 69 as observed by the mo 
tion of the screw axis from line 112 to 114 at which 
point the shank 199 contacts the edge 115 of hole 66 
limiting further motion: 
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Before describing in detail the manner of assembly 

and disassembly of the metal acetabular cup 20 and the 
plastic bearing liner 30, and the assembly of the metal - 
femoral cap 40 to the resected femur 16, a brief descrip 
tion of the surgical implantation or ?xation technique is 
presented. The acetabulum, or acetabulum socket or 
cavity provided by the hip bone 10, FIG. 1, is reamed in 
an ordinary fashion as would be done for the implanta 
tion of any acetabular hip cup, such being well known 
to those skilled in the art, particularly orthopaedic sur 
geons skilled in the art. A trial component is then used 
to orient the acetabular cup to the acetabulum and is 
used to mark out the location of the holes to be drilled 
for accepting the screws 190. The metal acetabular cup 
20 is provided with a slightly larger spherical outer 
surface 23 than the prepared acetabular cavity and the 
acetabular cup is then anatomically aligned and pressed 
into place. The holes are then drilled into the acetabu 
lum through the apertures 66, 67 and 68, and screws 51, 
52 and 53 of FIG. 1, which screws may be the screw 190 
of FIG. 4, are then screwed into the hip bone providing 
the acetabular cavity to temporarily ?xture the metal 
acetabular cup 20 to the hip bone. It will be understood 
that the spherical underside of the screw heads, e.g. 
spherical underside 192 of FIG. 4, engages the spherical 
seats 69 of the acetabular cup apertures and since the 
shank 199 of (FIG. 4) the screw is made to be much 
smaller than the diameter of the apertures, this allows 
the head of the screws to be pivoted about a point 111, 
FIG. 6, so that the screw may be oriented at an angle B 
relative to the axis 112 of the aperture as shown in FIG. 
5. Thus, it will be understood, positioning variation is 
provided by the present invention, and this positioning 
con?guration has been found to be important in seeking 
out the best available bone for the screw to engage. 
Further, this positioning variation is accomplished 
while maintaining excellent contact between the screw 
head and its spherical seats. The oblong spherical seats 
of the apertures, FIG. 2, allow for similar misalignment 
but also allow for a further change in the location of the 
screw within the confines of the seat thereby again 
enhancing effective utilization of existing bone stock 
and permitting a greater change in location of the screw 
within the aperture to permit the screw to engage the 
best available bone accessible through the aperture. 
The plastic bearing liner 30 is now “snap-?tted” into 

place in the ?xtured metal acetabular cup 20 in accor 
dance with the teachings of the present invention. 
Spherically radially inwardly directed forces, such as 
may be generated digitally and quite easily by the fm 
gers of the operating surgeon, are applied to the thinner 
wall regions 94-94 of the plastic bearing liner 30 to ?ex 
the lateral thinner wall portions inwardly. This permits 
the interrupted annular ridge 90 of the plastic bearing 
liner 30 to be inserted into and engage the interrupted 
annular groove 64 of the metal acetabular cup 20. Thus, 
the inwardly ?exed plastic bearing liner 30, in combina 
tion with the respective relieved inferior portions 28 
and 89 of the acetabular cup 20 and plastic bearing liner 
30, readily permit the ?exed plastic bearing liner 30 to 
be inserted or “snap-?tted” into the metal acetabular 
cup 20. *The key 65 of the acetabular cup 20 will be 
aligned with and received in the key-way 97 at the 
superior portion of the plastic bearing liner 30. Addi 
tionally, the ?at end portion of the wall 92 of the plastic 
bearing liner 30 will be aligned with and engaged by the 
flat projection or ridge projecting inwardly at the infe 
rior portion 28 of the metal acetabular cup 20. The key 
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and key-way, and engaged ?at surfaces, resist relative 
rotation between the plastic bearing liner 30 and the 
metal acetabular cup 20 upon torsional loads applied 
thereto during articulation of the hip joint. Further, it 
will be understood, as may be better seen in FIG. 5, the 
respective faces 60 and 85 of the acetabular cup 20 and 
plastic bearing liner 30 align, transversely, and present a 
common face for the assembled cup 20 and plastic bear 
ing liner 30 and with the common relieved inferior 
portions thereof permitting a greater range of articula 
tion of the femur bone without impingement with the 
plastic bearing liner 30 and cup 20, thereby further 
reducing the possibility of impingement of ,the cup 20 
and plastic bearing liner 30 by the femur during joint 
articulation. 
With the acetabular cup 20 and plastic bearing liner 

30 now ?rmly in place in the acetabulum, the head of 
the femur 16 is resected or prepared by suitable instru 
ments to provide a resected head, as shown in FIG. 6, 
complementary to the interior surface 44 of the metal 
femoral cup 40. More particularly, the resected head 19 
of the femur 16 is prepared to provide the resected head 
with a ?at portion 141 continuing into a spherical por 
tion 142 continuing into a cylindrical portion 143. It will 
be understood that the outer dimensions of the resected 
femur head 19 are made somewhat larger than the inner 
dimensions of the inner surface 44 of the metal femoral 
cap 40 and the centrally drilled hole provided in the 
resected femur head 19 and femur neck 18 is made 
somewhat smaller in diameter than the diameter of the 
femoral cap stem 46. Thus, the femoral cap 40 may be 
press ?tted onto the femure head 19 with such press 
?tting providing temporary ?xation of the femoral cap 
40 to the femur head 19. The hip joint is then reduced 
with the outer spherical surface 42 of the metal femoral 
cap 40 being received within the spherical inner surface 
32 of the plastic bearing liner 30 for joint articulation. 
The articulation between the polished outer spherical 
surface 42 of the metal femoral head 40 and the spheri 
cal inner surface 32 of the plastic bearing liner 30 pro 
vide low friction, long wearing articulation and, the 
relatively larger articulation surfaces associated with 
the surface replacement prosthesis provide greater po 
tential for extended wear resistance than do the smaller 
articulating surfaces associated with the conventional 
total hip prosthesis known to the prior art. 

It will be further understood in accordance with the 
teachings of the present invention that the screws de 
scribed above, providing temporary ?xation of the 
metal acetabular cup to the hip bone providing the 
acetabulum provide temporary ?xation during the per 
iod of time required for hip bone ingrowth and to the 
porous outer' surfaces 23 of the acetabular cup 20 which 
bone ingrowth provides the permanent ?xation of the 
metal acetabular cup 20 to the hip bone 10. Similarly, 
the press ?t between the metal femoral cap 40 and the 
resected femur head 19 provides temporary ?xation of 
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the metal femoral cap 40 to the femur during the time ' 
required for femur bone ingrowth at the resected head 
19 to grow into the porous inner surface 44 of the femo 
ral cap 40 to permanently ?xture the femoral cap 40 to 
the resected femur head 19. It has been found that such 
respective temporary ?xations are sufficient to maintain 
the respective components ?xtured during normal joint 
articulation and during the time required for bone in 
growth and biological permanent ?xation. 

In accordance with the further teachings of the pres 
ent invention, the plastic bearing liner 30 may be readily 
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and easily removed from the metal acetabular cup 20. 
Referring to FIG. 2, and as noted above, the lateral 
portions of the metal acetabular cup 20 are provided 
with generally opposed slots 66 into which a tool may 
be inserted and operated readily by digital force sup 
plied by the operating surgeon to again ?ex the inner 
lateral regions of the plastic bearing liner walls 94-94 
inwardly to ?ex the plastic bearing liner inwardly to 
permit the interrupted annular ridge 90 to be disen 
gaged from the interrupted annular groove 64 and such 
engagement, in combination with the respective re 
lieved inferior portions 28 and 89 of the cap and liner, 
permit the inwardly ?exed plastic bearing liner 30 to be 
readily removed from the metal acetabular cup 20. It 
will be understood that in accordance with the further 
teachings of the present invention, the slots 61-61 
could be provided on the outer surfaces of the plastic 
bearing liner 30, at the same positions, or mating op 
posed slots could be provided in both the metal acetabu 
lar cup and the plastic bearing liner. 

Referring again to the recesses 101, 102 and 103, 
provided in the outer spherical surface 34 of the plastic 
bearing liner cup 30, FIG. 3, it will be understood that 
these recesses overlie the screw heads of the screws 51, 
52 and 53 temporarily ?xturing the metal acetabular cup 
20 to the hip bone 10, and it will be understood that 
these recesses accommodate these screw heads even 
during any misalignment or relocation of the screws 
within the apertures as described above. Further, and in 
accordance with the teachings of the present invention, 
the plastic bearing liner portions providing the recesses 
engage the metal screw heads and prevent them from 
becoming unscrewed during joint articulation. 

Referring again to FIG. 3B, it will be noted that the 
alternate plastic bearing liner shown herein, with a 
smaller inside diameter than the plastic bearing liner of 
FIG. 3A, may be used in the event that the conventional 
metal femoral stem is used in the femur instead of the 
metal femoral cap 40 of the present invention, the spher 
ical inner surface 132 of the plastic bearing liner alter 
nate embodiment 130 of FIG. 3B being dimensioned to 
closely match the exterior surface of such metal femoral 
stem. 

Still further in accordance with the teachings of the 
present invention, the bearing liner, instead of being 
plastic as described above, may be ceramic and in such 
alternate embodiment it will be understood that the 
relatively thin walls of the metal acetabular cup 20 will 
be ?exed outwardly to permit the ceramic bearing liner 
to be inserted into and removed from the metal acetabu 
lar cup 20; it will be understood that the ceramic bear 
ing liner is brittle and less ?exible than the metal aceta 
bular cup but will still undergo some slight inward 
flexing but due to the relieved inferior portions only a 
very slight outward ?exing of the metal acetabular cup 
or very slight inward ?exing of the ceramic liner, in 
combination with the relieved inferior portions, will 
readily permit the insertion and removal of a ceramic 
bearing liner from the metal acetabular cup. 
An important advantage of a replaceable bearing 

liner is that a surface replacement type hip may be re 
vised to a conventional total hip using a femoral stem 
without disturbing acetabular ?xation by removing the 
plastic bearing liner shown as embodiment 30 intended 
for use with a surface replacement femoral component 
and replacing it with the plastic bearing liner embodi 
ment 130 intended for use with a femoral stem prosthe 
sis. 
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Referring again to FIGS. 7A-D where it is shown 
that by open shell segmentation the ?exibility of the side 
walls may be increased, it should be observed that this 
increase in ?exibility will result in an increase in the 
amount of allowable engagement between the groove 
64 (FIG. 2A) and the ridge 90 (FIG. 3A) for a given 
assembly load compared to a non-segmented open shell 
since the segmented open shell is more easily com 
pressed. Thus, the strength of this engagement can be 
increased and/or manufacturing tolerances associated 
with this engagement can be less critical than those 
associated with a non-segmented open shell. 

Referring now to FIGS. 8-10, there is illustrated a 
further alternate embodiment of the present invention 
also embodied as a multi-component hip joint prosthesis 
indicated by general numerical designation 218 and 
including a generally semi-hemispherical outer metal 
acetabular cup 220 and a generally semi-hemispherical 
inner plastic bearing liner 230. The cup and liner are 
illustrated in their assembled position in FIG. 8 and 
shown, respectively, in cross section in FIGS. 9 and 10 
with FIGS. 9 and 10 being similar to the cross-sectional 
views of FIGS. 2A and 3A, respectively, and it will be 
understood that the front views of the cup and liner 220 
and 230 merely would be similar to the front views 
shown in FIGS. 2 and 3, respectively, and hence are not 
shown. 

Acetabular cup 220 and plastic bearing liner 230 are 
structurally similar to the earlier described acetabular 
cup 20 and plastic bearing liner 30, that is the metal 
acetabular cup 220 and the plastic bearing liner 230 are 
each a “segmented open shell” as de?ned hereinabove 
with each having an inferior segment removed which 
increases the ?exibility of the cup and liner wall thereby 
facilitating their assembly and disassembly by reducing 
the assembly and disassembly forces required. It will be 
recalled with regard to the “segmented open shell” of 
the present invention illustrated in FIGS. 7A and 7B 
and as taught in the associated speci?cation herein 
above, that were a major load supporting inferior seg 
ment resisting assembly forces not removed, but present 
as shown in the case of the prior art “open shells” illus 
trated in FIGS. 7C and 7D, such inferior segment if 
present would resist the assembly (also disassembly) 
forces and would, as taught above, make the cup and 
liner more stiff in compression thereby requiring the 
application of greater assembly and disassembly forces 
to produce assembly and disassembly. In addition, we 
also taught above, this is particularly advantageous with 
regard to intra-operative assembly of the prosthesis 
within a surgical cavity. 

Primarily, the hip joint prosthesis alternate embodi 
ment 218 of the present invention differs from the ear 
lier described embodiments due to the face that the 
metal acetabular cup 220 and plastic bearing liner 230 
are each provided with a protrusion, i.e. lateral protru 
sion, at their anterior and posterior wall portions, the 
posterior protrusions 221 and 231 of the cup 220 and the~ 
plastic bearing liner 230, respectively, being shown in 
the cross-sectional drawings of FIGS. 9 and 10. 

Referring now particularly to FIG. 9, the segmenting 
of the segmented open shell acetabular cup 220 will be 
described in detail. FIG. 9 is a cross-sectional view, as 
‘noted above, and is taken through the plane of symme 
try which plane of symmetry, it will be understood, lies 
in the plane of the drawing. The metal acetabular cup 
220 is segmented by a plurality of cutting surfaces. In 
particular, a ?rst cutting plane or planar cutting surface 
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A'—A' is perpendicular to the noted plane of symme 
try. A second cutting plane or planar cutting surface 
C'—C' is perpendicular to the plane of symmetry and 
intersects the ?rst planar cutting surface A'—-A'. The 
second planar cutting surface C’—C’ removes a major 
load supporting inferior segment resisting assembly and 
disassembly forces as in the embodiment of the present 
invention illustrated diagrammatically in FIGS. 7A and 
7B, and relieves the inferior portion 228 of the cup wall 
222. A third cutting plane or planar cutting surface 
E-E is perpendicular to the plane of symmetry and 
inclined at an angle 0 with respect to the ?rst cutting 
surface A'—A’. A ?rst cylindrical cutting surface 
D'—D’ is perpendicular to the plane of symmetry and 
tangent to the second and third planar cutting surfaces 
C'—C’ and E--E, respectively. Finally, a second cylin 
drical cutting surface H-—H is perpendicular to the 
plane of symmetry and tangent to the ?rst and third 
planar cutting surfaces A'—A’ and E-E. The ?rst 
planar cutting plane A’—A’ is relieved or displaced 
medially from the center of curvature 225 as shown by 
the double headed arrow 227 extending between the 
cutting surface A'——A’ and a parallel plane B’—B’ ex 
tending through the center of curvature 225. It will be 
noted from FIG. 9 that such cutting surfaces de?ne the 
cup face indicated by general numerical designation 260 
and that the second through ?fth cutting surfaces pro 
duce protrusions at the anterior (not shown) and poste 
rior 221 portions of the wall 222 of the segmented open 
shell or metal acetabular cup 220. 
The segmenting of such cutting surfaces may also be 

understood in the context of the closed shell 240 shown 
partially and in dashed outline in FIG. 9. The closed 
shell 240 is a solid of revolution (including the spherical 
wall 222 of the segmented open shell 220), has a gener 
ating axis F’—F' and has spherical inner and outer sur 
faces 241 and 242 (portions providing the spherical 
outer and inner surfaces 222 and 224, respectively, of 
cup 220). It will be noted and further understood that 
the above-described cutting surfaces, A'~—A’, etc., seg 
ment by passing or cutting through the wall and inner 
and outer spherical surfaces of the shell as is known by 
those skilled in the art in the segmenting of any shell. 

Referring now to FIG. 10, it will be understood that 
the plastic bearing liner 230, as noted above, is also a 
segmented open shell being segmented by cutting sur 
faces A’—-A’, C‘—C', E-E, D'—-D’ and H-H, as 
shown in FIG. 10, and which cutting surfaces are identi 
cal, or substantially identical, to the correspondingly 
identi?ed cutting surfaces of FIG. 9. The cutting sur 
faces of FIG. 10 also de?ne the face, indicated by gen 
eral numerical designation 285, of the plastic bearing 
liner 230, and hence it will be understood that the faces 
260 and 285 of the cup 220 and the plastic bearing liner 
230, respectively, are complementary as may be noted 
from the assembly view of FIG. 8. As may be under 
stood by reference to FIGS. 9 and 10, generally, the 
superior portion of the respective faces 260 and 285 is 
de?ned by the planar cutting surface A’—A’ and the 
inferior portion of the respective faces is de?ned by the 
remaining cutting surfaces. Further, cutting surfaces 
C‘—C', D'—D', E-E and H--I-I also produce protru 
sions at the anterior (not shown) and posterior 231 por 
tions of the wall 232 of the plastic bearing liner 230. The 
planar cutting surface C‘—C' removes a major load 
supporting inferior segment resisting assembly and dis 
assembly forces (same as in the embodiment of the pres 
ent invention illustrated in FIGS. 7A and 7B) and re 












